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Abstract

Background: The National Heart, Lung, and Blood I nstitute conducted a Workshop in January
1999 to assess the applicability to other U.S. populations of coronary heart disease (CHD) risk
pred ction algorithms generated fromthe Framingham Heart Sudy (FHS). Thisreport presents
magjor findings from the workshop, including consderation of applications of risk assessment in
practice.

Methods and Results: Longitudinal cohorts were identified for testing the accuracy of the FHS
function. The function--based on age and categories of blood pressure, total cholesterol, HDL
cholesterol, anoking and diabetic satus--was goplied (separately by gender and race) to each of
the other cohorts. Accuracy of 5-year predictions of non-fatal myocardial infarction or CHD
death were compared to those using functions developed with the study’s own data. Other than
in the older subjects in one cohort, agreement between FHS-based predictions and observed
results for relative risk associated with each risk factor was good, except that hypertension was a
somewhat stronger predictor in black subjects, especially women. Disarimination between cases
and non-cases based onthe FHS function as a whole wasal 20 satisfactory, but generally not
quite as good as the study’s own functions. For three cohorts, the FHS function over-predicted
absolute CHD risk and some recalibration of the function would be required for optimal use.

Conclusions: From aquantitative viewpoint, the applicability of the FHSrisk algorithm using
traditional risk factors appears satisfactory for most populations. The Workshop also identified
unresolved issueswithregard to 1) further development of risk assessmert tools, 2) effeds on
physician and patient behavior, and 3) the role of global risk assessment in clinical guidelines.
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I ntroduction

This report presentsthe background and summari zes the proceedings of a workshop on
cardiovascular risk assessment sponsored by the National Heart, Lung, and Blood Ingtitute and
held on January 19-20, 1999. The primary purpose of the workshop was to assess whether risk
equations developed in the Framingham Heart Study for predicting new onset coronary heart
disease (CHD) are gpplicableto diverse population groups. A second purpose wasto identify
the issues concerning clinical use of risk assessment that require clarification and analysis. Most
of the data presented in thisworkshop was the product of a reanalydsand comparison of results
fromprospective gudies in several differernt populationsinwhich risk factorswererelated to
cardiovascular outcomes. Extensive analyses and collaboration were required to obtain as much
uniformity as possible with respect to both risk factors and CHD end-points. The primary end-
point in these comparisons was CHD death plus non-fatal myocardial infarction. Additiond
anadyses were derived from sudiesin which CHD mortaity wasthe only CHD end-point. This
report summarizes the major findings of these new analyses and comparisons. Subsequent
publications based on theseanalyses will expand on numerical and statidical data.

One of the foremost advancesin the field of cardiovascular medicine has been the
discovery that the major forms of cardiovascular disease--coronary heart disease (CHD) and
stroke--are preceded by measurable factors called risk factors. Persons who carry these risk
factors are more likely to devdop card ovascular disease than are persons inwhom these factors
are absent. Another signal advance was the demonstration through controlled clinical trials that
therapies redudng risk factors will decrease risk for cardiovacul ar-renal disease and stroke.
Particularly notable among these clinical trials were those employing drugs that lower serum
cholesterol and blood pressure. The ability to substantially reduce risk for cardiovascular
disease through a treatment of risk factors has raised the important issue of how to identify
patients who are candidates for clinical management of risk fectors.

During the past decade the concept has evolved that intensity of managemert of risk
factors should be proportional to aperson’s absoluterisk for cardiovascular disease. This
concept was adopted by the National Cholesterol Education Program (N CEP) for adjusting the
intensity of cholederol-lowering therapy (1,2). The concept was reinforced by a Bethesda
conference sponsored by the American College of Cardiology (ACC) (3). It has further been
emphasized by guidelines adopted by joint European cardiovascular societies (4). This approach
also has been increasingly adopted in blood pressure guides, especialy the Sixth Report of the
Joint Naional Committee (JNC V1) on Prevention, Detection, Eval uation, and Treatment of
High Blood Pressure (5). Adjusting intensity of risk reductionto a patient’s absolute risk is
meant to gppropriately baance efficacy, safety, and cost effectiveness of drug thergpy. This
approach hasproved to be widely atractive to the cardiovascular community (6). It finds its
ultimate expression in risk-reduction therapies for very high-risk patients who have established
atherosd erotic cardiovascular disease. Reportsthat intensive risk-reduction therapies applied to
patientswith egablished CHD strikingly reduce subsequent coronary events dearly demondrate
the efficacy, safety, and cost- effectiveness of aggressive risk-factor reduction (7-11). The
success of therapies for secondary prevention now opens the door to more aggressive risk



reduction in primary prevention. Tofavorably balance safety and cost eff ectivenesswith
efficacy of therapy in primary prevention, appropriate patient selection is required. A key
component of the identification of candidates for aggressive primary prevention is the
assessment of global risk.

If the concept of adjuding intensity of risk reduction to absolute risk is to beadopted, a
technique must be developed to accurately estimate absolute risk. Absolute risk isthe
probability of developing a cardiovascular event over a specific period. Earlier studies on the
impact of risk factors emphasized relative risk, which is the ratio of the absolute risk in persons
witharisk factor conpared to the absolute risk in a personwithout the risk fector. Egimates of
relative risk are useful for indicating the power of arisk factor to predict development of disease.
Relativerisk aso is considered the best indication of strength of association for inferring
causality. However, according to the devel oping paradigm of matching intervertion to risk (1-
5), absolute risk is a critical parameter for selecting patients for risk-reduction therapies.

The Framingham Heart Study has taken the lead in defining the quantitative significance
of risk factors (12). This50-year study made baseline measurements of risk factorsin the
community of Framngham, MA, and followed this cohort and their adult children for
cardiovascular events over a long period. A battery of potential risk factors was measured and
correlated with cardiovascular outcomes.  Statistical analyses examined the predictive power
and independence of each risk factor. These analysesuncovered several risk fectors that were
strong, largely independent predictors of cardiovascular disease. These factors served as the
badsfor the devd opment of risk prediction equations. Application of these equationsto
individualsallows themto be classified into risk caegories

If Framingham risk egimates ae to bewidely employed, they mug be transportable to
populations other than Framingham. To determine their ability to perform widely, they must be
compared to prospective sudiesin other populations. Although the Framingham Heart Study is
the prospective study of longest duration, it is by no means the only such study. Many
prospective studies have been carried out in the United States, but other populations around the
world have beeninvedigaed aswell. The primary question addressed in the current workshop
was whether risk prediction equations derived form the Framingham Heart Study apply to other
populations. The endpoints of these various studies have varied. Some have included
cardiovascular morhidity and mortality; others have examined only card ovascula mortality.
The most extensive findings have beenreported for the various manifestations of CHD; thus
CHD end-points were the primary focus of this workshop.

Quantitative risk assessment is particularly useful for the identification of patients at high
risk who are most likely to benefit from clinical management of risk factors. Global risk
assessment however has other purposes. For example, the finding of ahigh absoluterisk in a
patiert can be used to motivate this patient to modify behavior to reduce rik. It can also reassure
patients who are at low risk.

Categories of Risk Factors




A background review of the categories of risk factors may help to put the issues under
consideration in the workshop into perspective. Without question CHD is amulti-factorial
disease. Theessentid pathologica processleading to CHD iscoronary atheroscleross. CHD is
the product of a chain of causality beginning relatively early in life. The causes of CHD are
multi-layered and overlapping. However, dividing these causesinto categories based on their
temporal relationship to CHD may be useful. The chain of causality can be visuaized as a
pyramid of severa laye's (Figure 1). At base are the underlying risk factors; these factors give
rise to the next level, the major atherogenic risk factors. Thelatter are factors provento be
direa causes of coronary atherosclerosis Thissecond layer dso containsanother st of factors
that can be called the provisionally atherogenic risk factors (or provisional risk factors). There
is growing evidence that several of the provisional risk factors promote atherogenesis, although
the extert of their contribution remains opento quegion. Thetop layer contans the contribution
of the atherosclerotic plaque itself to the development of CHD. Magjor advances are being made
in understanding how the coronary plagues break down to produce major coronary events. Thus,
it is becoming increasingly apparent that the presence of an atherosclerotic plaque per seis arisk
factor for CHD (13). Finaly, there are undetermined causes of coronary heart disease. M any
invedigatorshold tha the underlying risk factors either promote atherogenessor precipitate
magjor coronary events in ways other than through the magjor atherogenic risk factors. The
provisonal risk factors are good candidates for some of the undetermined causes of CHD.
Undoubtedly, ill other factorsareinvolved. M uch current research isfocused on arterid wall
factors, yet to be discovered, in the causation of clinica CHD. In the discussonto follow, the
known causes of CHD are classified and reviewed.

Underlying (predisposing) risk factors. Thesefactorsinclude adverse nutrition, obesity,
physicd inactivity, family history of premature cardiovascular disease, male $x, and others
(ethnic, behavioral, socioeconomic). Family history is closely linked to many genetic factors
that contribute to cardiovascular disease. The major nutritional cause is a high population intake
of saturated fat and cholesterol, which raises the serum cholegerol levels (2). Another is ahigh
population intake of salt, whichraises blood pressure (5). Other dietary factors (e.g., N-9, N-6,
N-3 fatty acids, folic acid, antioxidant vitamins, soluble fiber, potassum, protein quality, and
alcohol) appear to influence risk for CHD through yet-to-be-determi ned mechanisms(2).

Caloric imbalance leading to obesity can be liged as another nutritional factor contributing to
CHD risk (14). Obesity isknown to have an unfavorable effect on several of the mgor and
provisional atherogenic risk factors (14). In addition, it causesinsulin resistance that may
independently affect risk (15). The adverse effects of obesty on CHD are worsened when fat is
distributed predominately to the upper body (abdominal obesty) (14). Physca inectivity is
accompanied by increased CHD risk (16). The atherogenic risk factors are worsened by physical
inectivity, and the cardiovascular system may be adversely affected in other ways as well (17).

Major, atherogenic risk factors. The Framingham Heart Study early identified certain
factors that independently predict development of cardiovascular disease. Most of these risk
factors correlaed with all formsof atherosd erotic d sease although evidence was strongest for
CHD. Thecurrent workshop focused primarily on the association of these risk factors with




CHD. Thiswasfor two reasons: first, the need for global risk assessment for primary prevention
of CHD has become a critical clinical issue; and second, avail able prospective data are most
robug for thisend-point. Even 0, the workshop also took advarntage of the information
contained in other prospective studiesthat had only mortdity end-points. Factors identified by
Framingham investigaions as most strongly and consigently correlaed withrisk for CHD were
cigarette smoking, blood pressure, serum total cholegerol (and LDL cholederol), serum HDL
cholesteral (inversely), and diabetes (18). Abnormalities in these factors are related to CHD risk
independently of other putative risk factors, and hence are called independent risk factors. A
large body of data of several types strongly suggests that each of these risk factors enhance risk
for CHD by directly promoting the atherosclerotic process; some may also evoke other
pathological mechan sms including cardiac hypertrophy, thrombosis, and arrhythmogenesis.
Finally, they have a rdatively high prevalence, significantly enhandng the population burden of
CHD; hence they are called major risk factors. Therisk factorsin this category are the backbone
of global risk assesament to detect higher risk patients for intensive medical intervention. Thus
they were the risk factors compared among the different prospective studies.

Provisional (conditional) atherogenic factors. Other factors, which have been associated
with increased risk for CHD, are candidates for being atherogenic risk factors. They include
some species of triglyceride-rich lipoproteins (TGRLP) (19,20), abnormally small LDL particles
(21,22), lipoprotein (@) [Lp(a)] (23,24), homocysteine (25,26), coagulation factors (fibrinogen,
plasminogen activator inhibitor-1 [PAI-1]) (27,28), and persgent low-levd inflammation or
infection (29,30). These measures are not routinely included in Framingham risk equations due
to the desire to keep the functions smple and limited to standard risk variables. In boththe
Framingham data base, and in some of the other studies reported in this workshop, some of these
factors do have independent predictive power.

Age and atherosclerotic plague burden as risk factors. The Framingham Heart Study and
all other prospective studesreveal that absolute risk rises withadvandng age At ary levd or
combiretion of atherogenic risk factors, the absolute risk for cardiovascular events becomes
progressively higher as people grow older. This steady rise of risk with aging led Framingham
invedigators to designate age as amgor, independent risk factor. The mechanism whereby
advancing age increases risk for CHD seemingly isrelated to the time-dependent progressive
accumulation of coronary atherosclerosis. Pathological studies in dl populations show that the
burden of atherosclerosis rises with age (31). Other investigations indicate thet risk for mgor
cardiovascular eventsisproportional to the total coronary plaque burden Although major
coronary everts (unstable angina and myocardial infarction) are initiated manly by the rupture
of vulnerable plagues, the total probability of plagque rupture correlates positively with total
plague burden. It might be noted that athough ageisa powerful predictor of CHD in
populations, amounts of atherosclerosisvary greatly anong individuals. For this reason, thereis
growing interest inusing non-invadve methodsfor assessing plaque burden for individual s
These measurements could provide a better estimate of risk that accompanies plague burden than
does a given patient’ s age (32).




Although totd plague burden is correlated with risk for major coronary events, it failsto
identify vulnerabl e plaques that are prone to rupture and pred pitation of acute coronary
thromboss Newer inflanmatory markers (e.g., high-sengtivity C-reective protein) gopea to
reflect a propensity to plague rupture and may provide incremental predictive power for mgjor
coronary events (33,34). Thisworkshop did not evaluate newer inflammaory markers as
predictors of CHD, but noted it as apromising areafor research.

Cardiovascular indicators of high risk. Finaly, severa clinicd and/or non-invasive
indicat ors point to high risk for future CVD events. A long-recognized indicator is left
ventricular hypertrophy (LVH) by electrocardiogram (ECG) (35,36); echocardiographic LVH
has asmilar impact. Patientswith LVH appear to be at increased risk for myocardia infarction,
cardac arrhythmia and suddendeath. Various other ECG abnormalities have been reportedto
be associated withincreased risk (37,38). These include evidence of myocardial ischemia or
electrica ingtability either by resting ECG or exercise ECG. Various other non-invasive
methods to detect myocardial ischemiaor dysfunction further have been reported to have
independent predictive power (39).

Current Approaches to Risk Assessment

National Cholesterol Education Program. The NCEP employs a two-pronged approach
to the clinical assessment of risk. Thefirst is an evaluaion of the undelying risk factors--
nutrition, obesity, physical inactivity, and family history of premature CHD. The NHLBI's
Obesity Education Initiative (OEI) (14) provides supplemental informationon assesamert of
obesty and physical activity datus Adverse nutrition, obesity, and physical inactivity congitute
dired targets of intervertion and advice inall patients, regardless of the status of the mgor,
independent risk factors.

The NCEP further introduced the concept that an estimation of abslute risk can be used
to modify the intensity of cholegerol-lowering therapy (1,2). For patients without CHD or other
clinical forms of atherosclerotic diseases, categories of absolute risk are deter mined by counting
of categorical risk factors. According to NCEP guidelines, the presence of zero or one risk
factor warrants an LDL -cholesterol god of < 160 mg/dL, whereas two or morerisk factors calls
for an LDL-cholesterol goal of <130 mg/dL (Takblel). Therisk factors currently employed to
adjug goals for LDL cholesterol in primary prevention als are listed in Table 1. Of note, NCEP
included a family history of premature CHD as an indgpendent risk factor among others to
modify LDL-cholesterol goals. Also, asingle cut point for age, which differed between men
and women, counted as one risk factor; above thisdefinng age, increasing age did not change an
individuals risk category. When previous NCEP guidelines were developed, consideration was
given to using Framingham equations with risk factors as continuous variables related to CHD
risk. This approach however was rejected in favor of simply counting of categorical risk factors.
The latter was thought to simplify clinical application. For patients with established
atherosclerotic disease, NCEP guidelines do not use risk factors to modify intensity of
cholesterol-lowering therapy; rather, all patients with esablished CHD or other dinical forms of



atherosclerotic disease are congdered to be at highrisk and deserving of an LDL -cholesterol
target of <100 mg/dL.

Nationd High Blood Pressure Education Program (NHBPEP). The clinical guidelines
for this program are presented in Joint National Committee (JNC) reports. Those reports before
JNC VI did not formally modify targets for blood pressure-lowering therapy according to the
presence or absence of other risk factors. Categorical hypertension is considered to be a
dangerousrisk factor deserving of clinical intervention. The clinicd management of
hypertension aimns to prevert stroke, chronic renal failure, and heart failure, as well as CHD.
JINC reports therefore avoided dday in treatment of categorical hypertension even though short-
term absolute risk for CHD may not be high. Less severe forms of hypertension warrant a trial
of non-drug therapy; but if this failsto achieve normd blood pressure, drug therapy is
recommended. IntheJNC VI report (5), lower cutpoints for initiationand targetsfor blood
pressurewere st for patientswith estaldished cardovascu ar disease, end-organ damage, or
diabetes mdlitus than inthose without.

Framingham risk assessment algorithms. The Framingham Heart Study has long
furnished an algorithm to assess absolute risks for CHD and stroke based on the major risk
factors. Inthe padt, a scoring sheet derived from Framingham equations was published by the
AmeicanHeart Asociation. Risk scoreswere based on thevalues for causative risk factors
plusage. In addition, earlier Framingham/American Heart Association score sheets included
left ventricular hypertrophy (LVH) by electrocardiogram as a contributing risk factor. Risk
factors were graded according to increasing levds of severity. Recently, Framingham
investigators published anew risk-assessment agorithm based on updated andyss (18). This
algorithm hasdropped LVH asa magjor risk factor. It graded risk fectorsaccording to cut points
delineated by NCEP and INC guidelines. Risk scores for absolute risk were related to two
clinical outcomes—total CHD and hard CHD. Total CHD included stable angina pectoris,
higory of myocardial infarction and ungableangina (coronay insufficiency),
electrocardiographic evidence of myocardial infarction, and CHD death. Hard CHD included
only myocardia infarction and CHD death. For the current workshop, the Framingham scoring
has been re-andyzed to include only hard CHD as an outcome. Thisandysis allowsfor
comparison of Framingham data with other prospective studies. A scoring table modified for the
current workshop and including only myocardial infarction plus CHD death is preserted for men
andwomen (Table 2). The Framingham goproach to global risk assessment not only is useful
for defining risk in quantitative terms, but it also can identify patients who are at increased risk
on the basis of multiple marginal risk factors. The latter is a potential advartage over tools that
employ only categorical factors.

European guidelines. Several organizations in Europe have adopted the Framingham
approach of global risk assesament for the development of thar guidelines for primary
prevention of CHD. These organizations include the following: the joint task force of European
and other Societieson Coronary Prevention representing the European Society of Cardiology,
European Atherosclerosis Society, European Sod ety of Hypertension, International Society of
Behavioural Medicine, European Society of General Practice/Family Medicine, and European




Heart Network (joint European societies); the joint working party to develop recommendations
on prevention of coronary heart disease in dlinica practice represent the British Cardiac Society,
British Hyperlipideaemia Association, British Hypertenson Society, and the British Diabetic
Association (joint British socidies); and theInternational Task Force for Prevention of Coronary
Heart Disease (International Task Force). Key distinguishing features of each of these
guidelines can bereviewed briefly.

Guidelines of the joint European societies (4) employ Framingham equations for global
risk assesament. The parameters included in the European algorithm include cigarette smoking,
blood pressure, ssrumtotd cholesterol, and age. From these parameters, 10-year absolute risk is
projected for total CHD. Estimates for total CHD, which include stable angina, are higher than
those for hard CHD shownin Table2. European risk scoring is presented in the form of multi-
colored diagrams that categorize risk into five levels: very high (>40%), high (20 to 40%),
moderate (10-20%), mild (5-10%), and low (under 5%). HDL cholesterol is not used in risk
prediction, although it isconggently used in Framingham equations. Al0, patientswith
diabetes are not included inrisk predictions, because of the recognition that absoluterisk is
higher than indicated by standard risk factors when patients have diabetes.

Joint British societies(40) propose asimilar approach to globa risk assessment, using
Framingham scoring for total CHD. The British algorithm (39), however, contains impor tant
differences compared to the European algorithm (4). In the former, the total cholesterol/HDL
cholesterol ratio isused instead of total cholesterol as the cholesterol predictor. Risk categories
are dvided into three levdsof 10-year absolute risk: >30%, 15-30%, and < 15%. A sparate
score sheet is provided for patients with diabetes.

An International Task Force (41) comprised mainly of European investigators have also
published guidelines for cardiovascular risk reduction. They identified three leved s of absalute
risk: small increase, moderate increase, and high risk. Thistask force favored using an
algorithm for estimating global risk based on the Munster Heart Study (the PROCAM
algorithm). The latter tool is designed for prediction of first coronary everts and takes into
account nine independent risk variables: age, smoking history, persona history of angina
pectoris, presence or absence of a family history of myocardial infarction, systolic bood
pressure, LDL-cholesterol, HDL -cholesterol, triglyceride, and the presence or absence of
diabetes. The task force has developed a computer-based method for estimating absolute risk
based on these risk factors. It isavailable in interactive form on the Task Force webdte at
http://www.CHD-taskforce.com.

Population Comparisons in Risk Estimation

Multivariate relative-risk comparisons. Oneof the essertid amnms of the workshop was to
compar e the multivariate regression coefficient for each of the magjor risk factors among
different populations. Prospective datawere supplied to Framingham investigator s who
compared estimated risk-factor coefficients with those obtained in the Framingham population.
Coefficients obtained in mutivariate analysis allow for estimates of relative risk, i.e,




multivariate relative risk. Adjusted relative risk estimates make it possible to determine whether
each risk factor confers asimilar or different relative risk among different populations.

Population attributable fraction for the major risk factors. The prevdence of the mgjor
risk factors varies among different populations For exarmple, dacks inthe United States are
known to have an unusually high prevdence of hypertensgon, wheress type 2 didbetesis
unusually common among Native Americans. The multivariate relative rik imparted by each
risk factor must be distinguished from the contribution of that risk factor to CHD within a
particular population. The latter can be called the population attributable fraction of CHD for
the risk factor. Thisfraction is ameasure of how much of the population burden of CHD could
be diminated if the specific risk factor were to be removed from the population.

Receiver operator characteristic (ROC) analysis. Thisandysisis carried out to judge the
ability of various risk factors (alone or in combination) to discriminate those who develop an
event (hard CHD) from those who do not (41,42,43,44). Associated with the ROC s a statistic,
calledthe area under the ROC curve or the“c” statistic, whichisan estimate of the probability of
the risk function assigning ahigher risk probability to those who will develop an event than to
thosewho will not. In other words the statistic quantifies the ahility to discriminate events from
non-events.

Another usefu application of ROC analyssisto determine whether the addition of
newer risk factorsto risk prediction equation providessignificart independert predictive power
(18,44,45,46,47). The addition of newer risk factors gives a new prediction equation and a
corresponding increase in the ROC c statistic. The increase can be used to judge the practical
useful ness of the new risk factors in disaiminging events from non-everts.

The areaunder the ROC curve (c statistic) ranges from0.5t0 1.0. An aeaof 0.5
signifies correct classificationin only 50% of cases, no better than chance. An areaof 1.0
indicates perfect classfication. The c statistic for the recently published Framingham agorithm
was0.78 (18). Clearly the major risk factors predict better than chance, but asone would expect,
their acauracy is not perfect.

Because the relation between age and CHD is vay drong, as anindependent risk factor
may complicatethe analysgs Risk increases exporentially with age, and advanang agetends to
obscure the influence of other risk factors. Thus, if abroad range of ages is employed in ROC
analyss, age alone contributes most of the area under the curve above 0.5. Table 2 shows a
series of ROC analyses presented at the workshop by Dr. Richard Cooper that showsa lack of
incrementd predictive power for CHD mortality when other risk factors are added to age in
several populations. Thus, the ROC analysis may well fail to detect area independent
contribution of newer, provigonal risk factors. Alternae meansof assessng the magnitude of
independent prediction may be required. In the Framingham model the use of age only produced
an ROC area (c statistic) of 0.65. The increment from thisto 0.78 shows substantial additional
discrimination from the other risk factors, including blood pressure, blood lipids, smoking, and
diabetes.
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Population baseline absolute risk. For given levdsof aset of rik fectors the absolute
risk for CHD may vary among different populations. Moreover, there is a component of risk
that is entirely independent of the mgjor risk factors. This component can be called the
population baseline absolute risk (47). Thefactors contributing to the population baseline
absolute risk are not well understood. However, the underlying predisposing risk factors that
vary anong popu aions undoubtedly modify absolute risk. These include body fa content,
physica activity, the compostion of the diet, persond and socid behavior, and the genetic
make-up of various ethnic groups. Provisond ("newer") risk factorslikewise vary within
different populations, and these too could influence population baseline absoluterisk. The
independent contributions of these multiple predisposing and provisiona risk factorsto the
popul ation basdine absolute risk have not been determined for various populations
Nonetheless, the popul &ion baseline risk cannot be ignored when egtimating the absolute risk of
individuals of a given population by the combining of the major risk factors.

Transportability of Framingham Risk Equations to other Study Populations: Results from
US Longitudinal Cohort Studies with CHD Morbidity and Mortality as an End-Point

To evaluate the applicability of Framingham risk equation to other populations,
prospective data from other populations were compared to those of Framingham. Detailed
results of the analyses have recently been published (48). These additional cohort studies
enrolled amore diverse sample than was enrolled in the origind Framingham cohort.  Specific
studies (and a unique characteristic of the cohort) providing data on CHD morbidity and
mortality at the workshop included:

1. The Atherostlaosis Risk in Communities Study, which included a sizall e proportion
of middle-aged African-Americans,

The Cardiovascular Health Study of older adults;

The Strong Heart Study of Native Americans,

The Honolulu Heart Study of Asian Americans,

The Puerto Rico Heart Study of Hispanic Americans,

The Physicians Hedth Study, which induded subjects with higher-than-average

SOCi 0-economic status.

OSarLN

For the purposes of this workshop, attempts were made to assure comparalility of
variables used and analyses performed across the different studies. The cohort studies have the
following shared features 1) all were progectively followed cohorts; 2) all assessed the major
CVD risk factors; 3) al implemented an active events surveillance system; and 4) all used
physician adjudicators and medical records to validate events. There were some differences
among these studies. T he Physicians Health Study was arandomized trial whereas all the
others were prospective observational cohort studies. The data for these studies were collected
during different time periods with the Honolulu and Puerto Rico cohorts enrolled in the 1960’s,
whereas the ARI C, CHS, Strong Heart and Physicians Hedth Study cohorts were enrolled in the
1980's. Whereas mgor CVD risk factor measurements were collected there was some
variability in methods between sudies. There are severd examples of variability: lipoprotein
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laborat ory assessment methods differed; blood pressure measurement techniques had only subtle
differences (dthough ore study used sdf-reported blood pressurelevels); and the definition of
glucose intolerance varidl (i.e., glucose tolerance testing, fasting glucose, self-reported
diabetes).

Because “hard” CHD (myocardia infarction or CHD death) wasthe end-point for the
primary analytic comparisons, the workshop also sought to standardize the definition of hard
CHD used inthe analyses from participating sudies. Whereas some differences were present in
the data available for these analyses, the global definition of CHD was quite similar to those
used in the Framingham study. To achieve methodological compatibility, participating
investigat ors did the following: (a) used the Framingham risk prediction model to assessthe
applicability of Framingham estimates inthese more diverse populations, and (b) generated
optima models for predicting CHD mor bidity and mortality in their population (with and
without allowing for inclusion of variables not currently included inthe Framingham prediction
eguation).

Three fundamental questions were addressed in this study. Thefirst was whether the
major risk factors carry similar predictive power, relative to one another, in other populations
compared to Framingham data. |n other words, do the different risk factors have the same
relative weights as those shown in the Table 2? The second question was whether the
Framingham functions can discriminate those who will develop hard CHD (events) from those
who will not (non-events) with the same ability as the best functions devel oped from the studies
themselves. The third question was whether the summed risk factors impart the same edimates
for absoluterisk, asthey do in Framingham. |f absolute estimat es are similar then it can be said
that other groups have asimilar popul aion baseline risk as the Framingham population; if not,
the population basdinerisk will differ from that of Framingham.

The Atherosclerosis Risk in Communities Study (ARIC). The ARIC cohort consisted of
men and women, age 45-64 years who had no history of myocardial infarction or stroke at
baseline examination in 1987-1988 (49). ARIC included both white and black subjectsin
contrast to Framingham, which wasamost entirely white. Subjects were assessed for incidence
of CHD, hospitalized myocardid infarction, fatal CHD, cardiac procedures, and
electrocardiographic (ECG) changes indicative of silert myocardial infarction for a period
averaging 7.2 years. In addition to standard Framinghamrisk factors, the subjects were assessed
for fibrinogen, Lp (&), blood pressure medication, ankle-brachia blood pressure index, and
carotid wall thickness by B-mode sonography.

The gandard risk factorswere found to have a relative predictive power for mgor
coronary events similar to that found in Framingham. Theonly exception was inthe black
population inwhich blood pressure conferred a higher relative rik. In other words, the clinical
outcomes for agiven blood pressureincrease were worse for blacksin ARI C thanin whitesin
eithe ARIC or Framingham. Thebaseline population risk for mgjor coronary events, however,
appeared to be similar for Framnghamwhites, ARIC whites, and ARIC backs. Therefore,
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when ugng the Framingham rik algorithm (append x), no adjustment was required for absolute
risk estimates inthe ARIC population, @ther for whiteor black.

The addition of other risk factors[e.g. fibrinogen and Lp(&)] only dightly improved the
prediction model for ARIC, e.g. the area under the ROC curve increased from 0.69 to 0.72.
Carotid IMT provedto be astronger predictor inthe otherwise low-risk group and pred ction
based on this factor was attenuaed in the group esimated to be at high risk for CHD by standard
rik fectors. In ROC analysis, measures of carotid IMT contributed only modestly to the AUC of
the ROC curve. In contrast, as shown by arecent publication (50) on the same population, when
carotid IMT was evauated in multivariate analysis, IMT proved to be a robust independent risk
factor after adjustmert for other risk factors. This apparently discrepant result compared to ROC
analysis raises questions about the preferred gpproach to determine the independent
contributions of new risk factors.

The Cardovascula Health Study (CHS). This cohort consisted of older adults, ages 65
to 100 years at baseline (51). CHS isof interest because Framingham estimates are limited by
relatively small numbers of older subjects. Many studies have shown a decline in relative risk
edimatesfor somerisk factors, especidly lipid risk factors, with advancing age.  Consequently,
the Framingham risk prediction equations did not predict CHD morbidity and mortaity well in
the CHS cohort. Particularly weak in predictive power were total cholesterol and HDL
cholesterol. On the other hand, the coefficient for diabetes was substantially higher in CHS than
in Framingham In CHS, Framingham predictors tended to be more discrimnatory in men than
in women.

In the elderly populations of CHS, factors other than standard Framinghamrisk factors
assumed increased predictive power. In CHS men, systolic blood pressure, HDL, ECG changes,
and triglyceride wer e independent predictors. | n CHS women, family history, diabetes, and
ECG abnormalities were more powerful predictors. Also, in both men and women of CHS,
carotid wall thickness (IMT) was an independent predictor. A recent separate report from CHS
indicated that carotid IMT scores are a strong independent risk factor for CHD (52). This
finding accordswith other reportsthat carotid IMT is positively correlated with the sverity of
coronay aherolerosis. The strength of predictive powe of carotid IMT in elderly in whom
conventional risk factors show a declining relative risk suggests that risk for CHD in thisage
group isinaeasingly determined by coronary atherosclerotic burden.

The Physicians Hedlth Sudy (PHS). This nested case-controlled study by definition
created similar age and smoking prevalence among cases and controls (53) ; thus the study’s
ability to eval uate the effeds of these variables was precluded. However, risk predicion
equations that include blood pressure and lipid/lipoprotein levels were very comparablein
predicting CHD morbidity and mortality between the PHS cohort and the Framingham cohort.
In other words, blood pressure and serum lipoproteins appeared to impart a similar absolute risk
for the Physicians Health population and the Framingham male population. Thisisan important
finding because physcians were enrolled nationwide, and they were not limited to particular
geographic regions.
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The Strong Heart Study (SHS) isacohort of Native Americans (54). The germane
guedions arewhether baseline population risk differs in Naive Americans compared to
American whites and blacks and whether specific risk factors have a greater or lesser relative
impact on risk than do Framingham risk factors. | n general, many coefficients were similar in
the Strong Heart Study model compared to the Framingham nodel for prediction of CHD
morhidity and mortality. However, some differences were noted. For example, a highlevel of
total cholesterol had agreater influence on absolute risk anong Native Americans than in the
Framingham population. In contrast, the negative effects of alow HDL on CHD morbidity and
mortality were attenuated in Native Americans. Diabetes, which is common among Native
Americans, seemingly carries a worse prognod sthan observed in Framingham. Macro-
albuminuria a9 was found to be an independent risk fector for CVD in the Strong Heart M odel.
An important result of the Strong Heart Study isthe observationthat Nétive Americans do not
carry alow popuation basdine risk for CHD; moreover, standard Framnghamrisk factors
impart at least as high an absoluterisk for CHD as they do in Framingham.

The Puerto Rico Heart Study (PRHS) has enrolled a group of men of Hispanic ethnicity
(55). Multivariate relative risk of variousrisk factors was similar in Puerto Rican and
Framingham populaiors; in cortrast, the Framingham model overestimated absolute risk for
CHD among Puerto Ricans Whether this over-prediction in the Framingham populaion extends
to other Hispanic populationsin the United States is uncertain and disputed. 1n the Puerto Rico
study, adding body mass index, physical activity, heart rate, and vita capacity enhanced the
predictive power of amodd generaed for the Puerto Rican population; add ng alcohol
consumption and dietary fat only slightly improved prediction. Overall, coeffidents generated
gpecificaly from the Puerto Rico Heart Study better predicted CHD events than did those of the
Framingham equaions. When a simple adjustment was made to the Framingham equation to
account for differences inaverage CHD incidence between the Framingham and Puerto Rican
cohorts, the Framingham-based predictions were comparable to those produced by the Pueto
Rico model. This could be considered a*“ calibration” adjustmert.

The Honolulu Heart Study (HHS) consists of Japanese American menwho were 45-64
yearsold in 1965 (56). Framingham equations over-predicted absolute risk for CHD by about
25%, indicative of alower baseline population risk. In addition, differences were noted in the
relative influence of different risk factors in Framingham and Honolulu populations. Diabetes
raised the risk for CHD more in Honolulu than in Framingham. Incontrast, HDL was a weaker
predictor of CHD inHonolulu than in Framingham. When a cdibration adjustment was made to
the Framingham model to account for average CHD incidence differences between these
populations, the Framingham mode performed aswell asthe best Honolulu modd.

In summary, data from ARIC and the Physicians Health Study, which should encompass
the mgjority of American adults fit the Framingham equations well both for relative influence of
the various standard risk factors (multivariate relative risk) and baseline population risk. The
population baseline risk of Native Americars likewise was similar to the Framingham
population. For other populations (Puerto Rico and Honolulu) calibration adjustmentsto the
Framingham equations improved their performance greatly. Nonetheless, for each specific
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cohort, the use of study-9ecific risk equationsimproved the ahility to pred ¢ CHD morbidity
and mortality compared to Framingham equations, even if only dightly. Further, inthe ederly
population of the CHS, Framingham scoring failed to provide accurate predictionsof risk.
Addition of newer risk factors and subclinical disease measures somewhat improved the
prediction of CHD eventsin several populations. Nonethdess, there wasnot a consensus on
how best to evaluate the indgpendent contributionsof newer risk factors. ROC analyss was
frequently employed, but thelimitations of thisandysis point to the need for newer methods to
discriminate independent prediction.

Risk Predictors in Prosp ective Studies With CHD/CVD M ortality as the Major Outcome

Several prospective studies have collected data relating risk factorsto CvD and CHD
mortality and wer e reviewed in thisworkshop. The applicability of Framingham risk equations
in the populations of these studies could not be assessed because of alack of daaon CHD
morhidity. They noneheless may provide perspective on the quantitative relationship of
cardiovascular risk factors to mortality from CVD and CHD. They included:

1. The Chicago Heart Association Detection Projed (11,016 men ages 18-39 years),

2. The Chicago Western Electric Company (2,107 men ages 40-50 yearsplus over
1,600 men with serial daa),

3. The Multiple Risk Factor Intervention Trial (MRFIT) screenees (361,662 men
ages 35-57 yeas),

4, The first and second National Health and Nutrition Examination Survey (2,753
menand 3,858 women from NHANES | and 2,655 men and 3,050 women from
NHANES |1, and a pooled sample of 940 black men and 1,463 black women),

5. The Women’ sPooling Project (25,978 women ages 30-97).

These cohorts are characterized by diversity in the age and ethnic composition of the
populations, varying lengths of follow-up, differencesin risk factor information collected, and
distina approaches to subgroup analyses Despite wide variations in study designs, procedures
for risk factor measurement and ascertainment of outcomes, the results of risk predicion were
remarkably consistent between the studies. Some of the salient outcomes of these analyses can
be reviewed.

Age wasastrong predictor of CvD and CHD mortdity in al of the studies. In addition,
other risk factor s often differed in their predictive power according to age group. Much of the
prior data about risk assessment and prediction deives from middle age populations. Several
cohorts displayed broad age categoriesand allowed for generation of risk prediction models.
The Chicago Heart Association study reveded that sandard risk assessment isremark ably
efficacious and durable inyoung men. Inthis study the Cox modd codficient for cholesterol
was two-fold higher in young adults compared with middie-aged subjects. In younger men,
serum cholegerol and cigarette snoking contributed moreto CHD risk than did sygolic blood
pressure In MRFIT, multivariate Cox coefficientsfor the relation between CHD/CV D mortality
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and each of the mgjor risk factors (total cholesterol, cigarette use and systolic blood pressure)
became successively smaler with each 5 (or 3)-year age stratum from 35 to 57 years. The
Women’ s Pooling Project likewise noted that several mgjor CVD risk factors were more
powerful predictors of CHD/CVD death in younger than in older women. For example, the
relative risk for CVD for cholesterol > 280 mg/dL (compared to < 200 mg/dL) was 6.1 among
women aged 30-44 years, but fell to 0.9 in those > 65 years.

Ethnicity hasbeen implicated asone factor affeding population baseline risk for
morbidity and mortaity of CHD and CVD. Nevertheless, the influence of ethnicity may be
confounded by socioeconomic status. MRFIT (whites, blacks, Asians and Hispanics), NHANES
(whites and blacks), and the Women's Pooling Project (whites, blacks and Higpanics) al
revealed that multivariate relative risk for CVD mortality was similar for the various risk factors
across ethnic groups. MRFIT investigators were able to examine the data according to median
income of zip code of residence and found no systematic differences in multivariate relative risk
by socioeconomic status or geography. For NHANES and the Women's Pooling project, the
magnitude of the Cox coefficients for individual risk factors did not vary by ethnic group;
nonetheless, the prediction of alsolute risk for total CV D was improved by the goplicétion of
ethnic-speafic nodels. I1nthe Women's Pooling projed, prediction models generated from
whites appeared to under -predict risk for CV D mortdity in black women. However, models
developed for whites of NHANES over-predicted CV D mortality in black men. These data
suggest that assessmert of the relative risk of a given factor using asingle algorithmfor CVD
mortdity is appropriate for most ethnic and socioeconomic groups. On the other hand, if the
goal is prediction of actual deaths, ethnic-specific models provide improvement of prediction.
Alternatively, an adjustment for differencesin population basdine risk of CHD/CV D mortality
between ethnic groups can be made while maintaining similar Cox coefficients for standard risk
factorsin asingle model. These discrepanciesfor total CVD mortaity seem at variance with the
comperable estimates of relaive and absolute risk for non-faal and fatal myocardial infarction
inwhites and blacks of Framingham and ARIC. This difference rases the interesting possibility
that absolute risk for CHD morbidity may not paralld precisely absalute risk for CV D mortality
among different populations.

Diabetes mellitus is known to be a mgjor cause of cardiovascular everts and CHD/CVD
death. The largest available data set relating risk factorsto CHD mortality is the 16-year follow-
up of over 5000 screened menof MRFIT with a diagnosis of dabetes nmellitusat baseline. For
subjects with diabetes, the absolute risk for CHD-CVD and all cause mortality was five-to-seven
fold higher thanin non-diabetic sujeds. At the same time, the Cox coefficientsfor each major
risk fector (total cholesterol, systolic blood pressure, and dgarette use) were smaller insuljects
with diabetes.

An important question for global risk assessment is whether additional variablesimprove
the ability to predict CVD/CHD mortality beyond the mgjor, atherogenic risk factors and age. A
recent publication of the Chicago cohort indeed reported the predictive power of abnormal
resting ECG findings such as ST-T abnormalities. Mary of the older cohorts that have enough
power to examine mortality, however, have not evaluated the role of other risk factors.
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The advantage of many of the participating cohorts was that they had long term follow-
up of participants This permitted an evduaion of the inpact of varying lengths of follow-up on
risk prediction. The Chicago Heart Association study determined that elevated body mass index
(BM1) was not a consistert and sgnificant predictor of CHD mortality inthe firg 12 yearsof
follow-up; beyond 12 years, however, after adjustment for other risk factors, BMI emerged as an
independent and graded risk factor in bothmenand women. Similar findingswere olserved for
asymptomatic hyperglycemiain white and black men in the same cohort. Inthe Women's
Pooling Project, risk ratios were found to be similar for some risk factors over time but risk
assod ated with diabetes and stage 111 hypertensonwas found to vary depending onthe length of
follow-up; therelative risk of both tended to dearease over time.

Overall, several conclusions can be drawn from the studies that examined risk for CHD
and CVD mortality. Most important, there was condderableevidence that relative risks were
consistent acrosscohorts and ethnic groups for all major risk factors. Traditional risk factors are
more powerful predictorsinthe young, i.e., rdative risk declines with advancing age.
Inconsistencies in puldished data may be the result of variable lengths of follow-up and age
distributions of the populations studied. Absolute risk in subgroupsmay be over- or under-
predicted depending on the baseline population risk for CVD in the population upon which the
model was gererated.

An inmportant issue for estimating relative risk concerns the population stratum employed
asthe reference. Severd previous reports have used the average risk of a population as the
denominator. This approach is open to question for “high-rik” populations, where it may
underestimate the impact of different risk factors. A better approach may be to use alow-risk
group, which islargely devoid of risk factors, asthe reference group. When this gpproachis
taken almost all of the excess risk in a*high-risk” population can be attributed to the standard
risk factors (cigarette smoking, blood pressure, total cholesterol, and HDL cholederol). Such
has been observed for CHD incidence in the Framingham cohort (17); inthe MRAT cohort
cigarette anoking and devations of dood presaure and total cholesterol accounted for mog of
the excess risk for CHD mortality (57,58).

Application of Framingham Risk Equations to Specific Populations

The data reviewed in this workshop alow for some generalizations to be drawn about
applicaion of Framingham risk equations to specific populations. Groups under condderation
include different ethnic groups, different age groups, women as well as men, and patients having
spedfic dseases (egecially diabetes mellitug. Thefollowing summarizes some of the mgjor
findings of the workshop.

White populations other than Framingham. The congruence of Framingham predictions
for hard CHD between white populatiorns of Framingham and ARIC must be considered a mgor
outcome of the workshop. This finding indicates that Framingham equations can beapplied
broadly to the white population in the United States. This conclusion is strengthened by the
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amilarities between multivariate relative risk and population basdine absoluterisk in
Framingham men and the Physicians Hedth Study.

Black populations. In broad terms, Framingham equations for hard CHD seemingly
apply smilarly in white and black populationsin the United States. One exception appearsto be
for dood pressure For agivenlevel of bood pressure the Framingham equaion under-predicts
the risk associated with elevated blood pressure in the back population of ARIC. Therefore,
when using the Framingham risk algorithm in blacks, it may be appropriate to give added weight
to the blood pressure measure. 1n the Women's Pooling Project and NHANES, equations for the
white populaion were not highly predctive of CHD/CV D mortality in the black popul ation.

This finding could suggest that factors operating subsequent to onset of CHD may affect CVD
mortality in the black population.

Other ethnic groups. The comparisonscarried out in this workshop confirmed previous
observations that absolute baseline risk for developing CHD differs among populations. This
variationin population baseline risk must be distinguished from differences in the population
attributad e fraction for the mgjor risk factor. Along the samelines differences in popu ation
baseline risk may extend to various ethnic groups and will require adjustment of absolute risk
estimates based on ethnicity. The possibility also exists that ethnic differencesin CVD risk may
be explained by variability in underlying or provisional risk factorswhich are not considered in
Framingham equations. Nutrition, body weight, and physical activity are powerful underlying
risk determinants. These are not explicitly included in Framingham equations, although they
might act through the mgjor atherogenic risk factors. Population habits may vary greatly with
respect to these determinants and thereby influence absolute population baseline risk. Other
behavioral and socid factorstypica of populations likewise could affect population basdline
risk. Fnally, theintriguing possbility remainsthat genetic factors among different ethnic
groups influence the absolute baseline risk of the group.

In two populations, Asian men in Honolulu and Hispanics in Puerto Rico, Framingham
coefficients over-predicted risk for CHD. In these two groups, absolute baseline rates for CHD
were lower than white and black populations in the United States, and this lower popul&ion
baseline risk may requirean adjustment of projected absolute risk downwardsto correspond to
the lower baseline risk of the population. Simple calibration adjustment to the Framingham
functions to adjud for baseline average CHD incidence rates greatly improved the performance
of the Framingham functionsin these populations. Whether the Hispanic populaion living in
the contiguous United States has a lower baseline risk is uncertain; afew published studies
sugged this to be the case, whereas others damno such lower basdinerik. Although data
werenot presented for the predictive power of Framingham equationsin Americans of South
Asian origin, other studies inmigrant South Asians sugged that standard risk equations under-
predict absoluterisk (59,60). In Native Americans, Framingham equations appeared to be
acceptable pred ctors of absolute risk. Inthis population, the popul ation attributall e fraction for
the major risk factors was greatest for diabetes.
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Young adults. Although absoluterik inyoung adutsislow, even in those with oneor
two risk factors, relative risk is high. When risk is estimated for 10 years, relative rik imparted
by the presence of risk factors is the highest for any age group. Thisfinding suggests that long-
termrisk in young adultswith risk factorsis high. For example, in the Framingham Heart Study,
serum cholegerol level sinyoung adulthood are powerful predictors of life-time risk of
developing CHD.

Older adults. Prospective studies consistently show that relative risk accompanying
several risk factors declines with advancing age. Both diabetes and hypertension remain strong
predictors of CHD in older persons, but an elevated serum cholesterol declines in relativerisk.
Attributable risk accompanying a high serum cholesterol increases with advancing age, but it is
difficult to differentiate higher and lower risk in patients over age 65 on the basis of serum
cholesteral levels. As shown in the CHS, Framingham equations were poor predictors of risk
after age 65. 1 ncontragt, non-invasive assessments of coronary plague burden such as carotid
IMT assume increasing power to predict risk.

Women. Framingham equations indicate that absolute risk for CHD ismuch lower in
women than in men, even into advanced age. At identical levels of risk factors, absolute risk
differed markedy between men and women (Table2). However, in Framingham, multivariate
relative risk was similar for the differert risk factors between men and women, except that
diabetes has adisproportionateimpact on CHD risk in women. These findingsalong with
similar resultsin other gudies, suggest that the presence of digbetes removesthe protection
against CHD normadly afforded to women In CHS, the standard risk factors were poor
predictors of CHD/CVD mortality in women. Thereisawidely held view that risk inwomen
increases more steeply ater the menopause however, in the Women's Pooling Project,
menopause was not found to ater the AUC of the ROC curve when added to the standard risk
factors.

Diabetes mellitus. Type 2 digbetesisapowerful independent risk factor and has become
anincreasngly important risk factor inthe United States. T hisis because of increasing obesity,
the “aging” of the population, and the expansion of ethnic populations that are particularly
susceptible to the devel opment of type 2 diabetes. Framingham equations identify diabetes,
defined by categorical hyperglycemia, as arisk equivalent to other categorical risk fectors.
However, there is a growing view that patients with type 2 diabetes deserve to be evaluated
separatdy inglobal rik assessment. There are several reaonsfor this view. Hrd, patients
with type 2 diabet es often have insulin resistance and multiple atherogenic risk factors of long
duration and thus carry ahigh risk. This observation is confirmed by recent prospective studies
which indicate that middle-aged patientswithtype 2 diabetes have an absolute risk for mgor
coronary events equivalent to that of non-diabetic patients with established CHD. Second, once
patients with diabetes develop CHD, their prognosis for surviva is much worse than that of non-
diabetic patientswith CHD. The unusually high cardiovascular mortality in patientswith
diabetes was hown clearly in the MRFIT screenee follow-up gudy.

Other Issues for Applications of Framingham Equations for Global Risk Assessment
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Other cardiovascular outcomes. The rik-assesamert workshop focused mainly on
prediction of CHD norbidity and mortality. The need to predict other cardiovascular outcomes
(e.g. stroke, heart failure, renal failure) was recognized however. In the dinical setting,
consideration must be givento primary prevention of all formsof chronic cardiovascular
disease, and dgorithms are needed that incorporate other outcomes besides CHD.

Qualitative categories of risk. Thereis aneed to convert quantitative estimates of risk
into qualitative categories so that patients can be essily classified for specific treat ment
guiddlines. One exampleisthe need to distinguish between high-risk and intermediate-risk
categories. Such distinctions are arbitrary, and must derive from anappropriae baancing of
efficacy, safety, and cost-effectiveness of avalable therapies. These definitions therefore cannot
be made a priori and must evolve out of deliberations of guideline committees. Thus, NCEP and
JNC panels will have the responsibility to categorize levels of risk, asthey relate to the
managemert of particular risk factors.

Long-term vs. short-term risk. The concept of maching intersity of intervention to
absolute risk generdly emphasizes risk over the short term, e.g. rik inthe next 10 yeas.
Primary prevention however isal for the long term, or even for alifetime (61). Thenotion
that only patients who are at high risk in the short term deserve clinical management of risk
factorsgoescounter to the basic tenets of NCEP and JINC guidelines. These guidelines indicate
the nead to reduce risk factors inthe clinical setting for patients at intermediate risk as well. In
many cases, non-drug therapies can be employed to achieve risk reduction, but patients at
intermediate risk should not be ignored. Moreover, abasc principle of primary prevention is
that every categorical risk factor must be treated in the clinical setting. Without modification,
any snglerisk factor can lead to serious cardiovascular consequencesinthelong term. Thisis
particularly so when therisk factor is severe, e.g. heavy cigarette smoking, severe hypertension,
familial hypercholesterolemia. But even moderate levels of risk factors can produce clinical
complications if left untreated for mary years. Although cost-effectivenessof clinical
management of moderate risk factors remains anissue, the dangers of ignoring risk factors must
be weighed against the costs.

Provisional risk factors. The workshop reportsdid not indicate that any of the
provisond risk factors should be routinely consdered in practice asindependent, at herogenic
risk factor. On the other hand, presentations did not rule out the possibility that some of these
risk factors may independently promote atherosclerosis or predisposeto CHD. Interest in these
risk factors remains high, and inthe future, studies must be desgned to determine more
specificaly whether some of the provisiona risk factors are truly causative. Participantsin the
workshop raised the question of whether traditional ROC analysisis sufficient to quantify the
independent predictive power of newer risk fators. Of particular importance is whether an
elevationsof triglyceride-rich lipoproteins abnormally small LDL, Lp(a), and homocysteine are
independently atherogenic. Resolution of these questions is important because each of these
factorsisa potential therapeutictarge.
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Underlying risk factors. Among these factors, adverse nutrition, obesity, and physical
inactivity are of special intereq. Considerable evidence suggeds that these factors predispose to
the devel opment of cardiovascular disease independently of mgjor atherogenic factors (62,63).
However, independence of predictioncould not be identified in the Framngham Heart Study, or
in several other prospective sudies (64,65). Nonetheless, it is generdly acknowledged thet al
three areunderlying causes of CHD. Thus, they are importarnt targets for clinical intervention to
reduce risk for cardiovascular disease. Another risk correlate is afamily history of premature
CHD:; in the development of future treatment guidelines, the issue of whether aposgtive family
history is truly an independent risk factor must be re-examined.

In spite of the unquedioned importance of underlying risk factors, there are two
impediments to the use in office-rik assessmert of an individual’srik. Thefirst is that they are
major causes of the standard atherogenic risk factors which are used in the Framingham
agorithm. Thisoverlap makesit difficult to identify the truly independent component of the
underlying risk factor. Second, aquantitative assessment of the risk factor isdifficult to obtain
in the office stting. Nutritional assessment would be required before entering nutritional higory
into a risk-assessment algorithm, but short of a detailed dietary diary, nutritional assessment is at
bed qualitative. Clinical measures of obesity are more readily availald e, but the corrdation
between these measures and risk are not defined with the precision available for the standard risk
factors Physical inactivity dso isarisk factor, but quartitaive measuresof aperson’s acivity
history or state of fitness are not readily available. Because of these limitations, the best
approach in the clinical setting appearsto make a qualitative assessment of each of the
underlying risk factors and to make each atarget for direct intervention, i.e., modifying diet
composition in afavorable direction, assisting in weight reduction in overweight or obese
persons and encouraging increased physicd activity in sedentary indvidual s

Non-invasive assessment of subclinical atherosclerosis. In spite of the power of
independent risk factorsto definerisk for CHD, it is generaly acknowledged that risk will be
underestimated in many patients who fdl into the category of intermediate-risk. Thisis
particuarly the case for older patients in whom the predictive power of risk factors declines.
Thus, thereis growing interest in the possbility of refining risk estimates by use of non-invasive
procedur es for evaluating the extent of subclinical atherosclerosis. Among these testsare the
ankle/brachial blood pressure index, resting and exercise ECG, sonography of carotid arteries,
and determination of coronary caldum by computerized tomography. The American Heart
Association recently held asymposium, caled Prevention V, to evduate the role of non-invasive
testing in globd risk assessment. The Prevention V report indicated that some of the non-
invasive tests may have immediae utility, whereas others require more investigation but are
promising. The current workshop did not assessthe utility of non-invasvetesting, but largely
restricted its attention to the risk factors that can be measured in the medical office.

“User-friendly” risk-assessment tools. One of the perceived limitations of the recent
Framingham risk-assessment tool is its complexity for clinical usage. European cardiovascular
societies have attempted to smplify the application of Framingham risk equations by
development of multi-colored charts showing different levels of risk. The American Heart
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Association has followed this lead and also has published muilti-colored risk assessment charts.
Nevertheless, many participants in the current workshop held the view that these charts gill are
not “user-friendly”. Perhaps gpplication could be smplified further by the development of a
hand-hdd calaulaor inwhich numbers for different risk factors could be easily added. Some of
the participants questioned whether the use of risk assessment dgorithms that incorporate
continuous variables are inherently more valual e than the current methods of NCEP and INC
that count categorical risk factors. There was a broad impression that mor e investigation on the
optimal presantation of a “risk-assessment tool” is required.

Research Recommendations

During the presentations on availalde data related to risk assesamert, a number of
important and unanswered questions arose. These questions point to the need for new research
and development of improved risk-assessment techniques. The following areas requiring
additional work were identified.

To improve the predicive power of Framingham daa for white and black middle-aged
populations in the United States by pooling the databases of Framingham and ARIC.

To develop adjustments in Framingham risk equations for the various ethnic groups that
carry different absolute basaline population risks. Examples are Puerto Rican Hispanics and
Honolulu Japanese Americans. Also, to characterize the absolute baseline popul ation risk of
other subgroups of the U.S. popuation including other Hispani ¢ groups, subgroups of
European origins in geographic regions with high raes of CVD, and the subgroup of
Americans of South Asian origin.

To beter define the baseline risk of high-rik groups in the United States, including patients
with diabetes of both Types 1 and 2, patients with non-coronary forms of atherosclerotic
disease, and patients with left ventricular hypertrophy.

To evaluate risk assessmert for predictionsof outcomein patients with established CVD.
To extend risk assessment to CVD end-points other than fatal and non-fatal myocardial
infarction, e.g. stable angina, unstableangina stroke, and heart failure.

To better integrate underlying risk factors (adverse nutrition, obesty, physica inactivity,
psychosocid factors, and family history of premature CHD into globa risk assessment. This
approach might include developing “primordial scores’—risk for devel oping the mgjor
atherogenic risk factors (hypertension, lipid disorders, and diabetes).

To develop improved methods for clinical assessment of underlying risk factors. Improved
and simplified nutrition assessment tools are needed. Better techniquesfor esimating levels
of physical inactivity would also be helpful. Methodsto readily measure total body fat and
abdominal fat in the clinical setting are needed.

To determine the independent predictive power of new, provisonal risk factors, e.g.
triglycerides, Lp(a), homocysteine, coagulation factors (fibrinogen, PAI-1), C-reactive
protein.

To determine the independent predictive power of meadures of abnormal cardiovascular
function, e.g. left ventricular hypertrophy, abnormal resting electrocardiogram, abnormal
pulmonary function tests, exercise tolerance.
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To determine the independent predictive power of measures of myocardial ischemia, e.g.
exercise ECG, exercise and pharmacological (stress) echocar diogram, exercise and
pharmacologica myocardid pefusonimaging, and postron emisson tomography.

To deter mine the independent predictive power of measures of subclinical atherosclerosis,
e.g. ankle/brachial blood pressure index, carotid IMT, and coronary calcium scores.

To develop and evduat e tools for application of risk assessment in patient care. The
information that is conveyed to patients needs to incorporate both absolute and relaive risk.
The reference point should be the low-risk patient, not average risk. Risk assessment tools
should be devel oped that will be “user friendly”. Computer-based tools may help. Perhaps
severa different versions of score sheets should be developed and tested in physician’s
offices. New methods of entering data outside of direct physician involvement are needed.
To extend risk prediction dgorithmsto long-term (and life-time) ris.

Summary

The primary purpose of thisworkshop wasto determine whether risk equations
developed in the Framngham Heart Study are applicabl e to other popu ation groups. The mgor
finding was that the Framingham equations appear to have broad applicability in middle-aged
white, black, and Native American populations in the United States. Although hypertension
appears to be a more powerful risk factor for cardiovascular disease in the black population than
reveded in Framingham equations, they otherwise are generdly gpplicable. Certain ethnic
groups, notably Japanese men and Puerto Rican Hispanics, appear to carry alower baseline risk
for CHD, and in these populations, Fram ngham equations tend to overestimate absolute risk.
The equations can, however, be adjusted to improve predictions.

The deliberations of the workshop revealed that global risk assessment requires many
cond derations beyond the simple application of a “ rik-assessment tool” for estimating albsolute
risk. Theissue of clinical management of risk factors for patients with single categorical risk
factorsis of considerable importance. This issue bears on the question of long-term risk that
cannot be overlooked inthe enthusiasm for globd risk assessment for alsolute, short-term risk.
Further, the use of causal risk factors in the assessmert of risk should not detract from the need
to pay attention in the clinical setting to other types of risk factors discussed above (underlying,
provisional, and plague burden). Three underlying risk factors—adverse nutrition, obesity, and
physical inactivity—deserve particular attention in clinical practice. Whether to treat provisiona
risk factorsis an unresolved issue that requires further investigation. Likewise, expanson of the
risk-assessment paradigm though non-invasve methods for estimating subclinical
atherosclerosisis promising and may have utility for refining risk estimates in intermediate-risk
patients and in elderly patients.
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Table 1

Treatment Decisions Based on LDL-Cholesterol

In Patients without Established CHD

Risk Factors* LDL-Cholesterol Goal
Fewer than two risk factors <160 mg/dL
Two or more risk factors <130 mg/dL

* Risk Factors
Positive Risk Factors

Age (male > 45 years; female > 55 years)

Family history of premature CHD

Current cigarette smoking

Hypertension (> 140/90 mmHg or on antihypertensive medication)
Low HDL cholesterol (<35 mg/dL)

Diabetes mellitus

Negative Risk Factor

= High HDL cholesterol (> 60 mg/dL) (offsets one risk factor)
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Risk Factor

Table 2

Framingham Scores for Hard CHD

(Non-Fatal Myocardial Infarction and CHD Death)

Points

Male

Female

Age
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74

Total Cholesterol
<160

160-199

200-239

240-279

>= 280

HDL C holesterol
<35

35-44

45-49

50-59

>= 60

Blood Pressure
Optimal

Normal

Hi Normal

Stage I Hyper
Stage II-1V Hyper

Diabetes
No
Yes

Smoker
No
Yes

S o =N A W= LN AW = L

RN =

(=]
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Point 10 Year Hard
Total CHD Risk
Male Female
-1 1% <1%
0 1% <1%
1 1% 1%
2 2% 1%
3 2% 1%
4 3% 1%
5 3% 1%
6 4% 1%
7 6% 2%
8 7% 2%
9 10% 2%
10 12% 2%
11 16% 3%
12 20% 3%
13 25% 4%
14 32% 5%
15 39% 6%
16 48% 7%
17 57% 8%
18 67% 9%
19 77% 10%
20 85% 12%
21 14%
22 17%
23 19%
24 22%
25 26%
26 30%
27 34%
28 39%
29 44%
30 49%




Table 3
Receiver Operator Characteristics Analyses
Of CHD Mortality From Several Prospective Studies

AreaUnder the Curve
Recever Operator Char acteristics Analyss

Study Sex Race  Age Age Age Age +SBP
Only +SBP +SBP + Chol
+Chol  + Qurr Smok

NHANESII M w 0.81 0.81 0.80 0.82
NHANESII F w 0.78 0.78 0.78 0.82
NHANESII M B 0.73 0.74 0.72 0.73
NHANESII F B 0.76 0.77 0.78 0.78
MRFIT SI-M w 0.61 0.61 0.61 0.64
MRFIT UC-M w 0.61 0.61 0.60 0.65
LRC-CPPT RX-M - 0.60 0.59 0.59 0.65
LRC-CPPT PL-M - 0.58 0.56 0.56 0.65

Abbreviations. SBP = sydolic blood pressure; chol = total serum cholesterol; curr smok =
current cigarette smoking
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Figure 1: A schematic of the “pyramid” of coronary heart disease risk factors
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